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Precipitation from individual storms in this region is 
rarely heavy, amounts as much as 1 inch per hour occur- 
riag on the average not more than once per year a t  each 
station, while amounts of 2 inches or more in 24 hours do 
not occur more frequently. 

In Figure 3 is shown graphically the general distribu- 
tion of annual precipitation over the Great Lake,s re,gion, 
based upon the 50-year averages of all the stations. 

In general, precipitation increases sout'hwarcl from t,he 
upper to the lower Lakes, thou h there are well-marked 

Huron, on both the Michigan and Canadian sides, where 
the annual averages are nearly 5 inches less than further 
east or west and but little greater than those found in 
portions of the northern Superior draina e. On the 
other hand, in the Geor 'an Ray region of Jntario there 

stances avera ing nearly 10 inches above the figures for 

Another area of apparently light precipitation is found 
alon the north shore of Lake Ontano and at  a few points 

Elsewhere over the drainage area the annual precipita- 
tion, as stated previous1 increases gradually from nort,h 

of southern Lake Erie. 
Precipitation over the Lake region is rather evenly 

distributed through the year, with a tendency toward 
heavier amounts during the w-armer portions. This is 
particularly noticeable over the western districts, where 
the distribution more nearly resembles the Great Phiiis 
and upper Mississippi Valley type, Wiz: Moderately hea.vy 
recipitation in summer and usually light in n-int'er. 

here the warm-season precipitation ranges from GO to  $0 
per cent of the yearly total. Farther east, however, 
there is some tendenc toward heavier rec,ipitation dur- 

nouncecl east of E ake Huron where, in the Georgian g:i 
district, nearly GO per cent of the precipitation occurs in 
the six months October to March, inclusive. 

The percenta es of recipitation for the two periods, 

shown on Fiaure 4. 
Over the la%e su?faces.-With regard to the aiiiouiit of 

water falling on the lake surfaces as compared with the 
adjacent land areas, it is of c.ourse impossible to make 
definite statements, though there is strong evidence that 
the catch in ages where exposures are comparable with 

away from it. 
In  northern Lake Michigan, a station has been main- 

tained at St. James on the estrenie northern part of 
Beaver Island, located about 25 miles off the eastern 
shore, and approximately 50 miles from the western 
shore, for a period of about 20 years. Coniparing identi- 
c a l  years with Mackinaw City, on the adjacent inainland, 
it is found t,hat St. James rec.eives only 94 per cent as 
great precipitation as Mackinaw. Similarly, near the 
western shore of the same lake, on Plum Island, off the 
extreme northern end of the peninsula which separates 
Green Bay from the lake, a station has been in operation 
for a number of ears. Comparing identical years wit'h 
two stations on t 9 ie mainland some 25 miles equi-distant 
northwest and southwest of Plum Island, i t  appears to  
receive only 92 and 96 per c.ent, respectively, of the 
amounts for the two shore stations, or 94 per cent of an 
average for the two stations, the same as in €he preceding 
case. 

exceptions, notably near t,he s a ores of sout>hern Ln.ke 

is an area with distinct F y heavler amounts, in some in- 

northern Mic %l 'gan on the opposite side of Lake Huron. 

on t % e south shore, particularly near the lake level. 

to south, ran in from a i? out 25 inches along the northern 
watershed of % %  a -e Superior to nearly 40 inches over that 

ing the c.older eriog of the year. 3 his is most 

April to Septein % c ?  er an October to March, inclusive, are 

the actual la a -e sui-€ace is le,ss near the lake than farther 

On the southern side of Lake Su erior the Keweenaw 

lake, a t  the extreme northern part of which is the station 
of Ea  le Harbor, Mich. The gage at  this station is 

shore and esposed to the full force of the lake winds. At 
Calumet, about hal€ way between the base and the 
extreme northern point of the peninsula, but located 
inland about 4 miles, there is a station also with ground 
exposure for the ga e, but a t  an elevation more than 600 
feet higher than at  fia le Harbor, and probably protected 

cover. Comparing similar years of record, %agle Harbor 
receives only 80 per cent as much precipitation as Calu- 
met. On the other hand, comparing Eagle Harbor with 
Houghton, Mich., a regular Weather Bureau station a t  
the base of the peninsula and about 10 miles inland, with 
the rain gage ex osed on the roof of a building 57 feet 

Ea le Harbor, the catch is only 14 per cent reater than 

tation than Calumet, due doubtless to the difference in 
wind effect on the cat'ch of the two gages, and also to 
the higher elevation of Calumet. 

Considering the comparatively small differences in the 
averawe annual precipitation in the cases cited above, 
ancl %e well-known fach that the winds are usually 
higher over the lake surfaces than on the adjacent 
shores, also that increased wind velocit'y materially 
lesse,ns t'he catch, i t  may be expected that gages located 
away from the mainland, on islands or peninsulas, will 
regist,er less prec.ipitation than would be measured on 
the shore; but hhis, it is thou lit, would in no im ortant 

surface as a whole, as c,oinpared with the amounts re- 
ceived at  shore stmations near the lake level, but simply a 
lessened catch. 

Peninsula just northeastward neary P 50 miles into the 

locatec 7 only a few feet above the lake on the immediate 

from the full force o f the winds by the eneral forest 

high, but probab P y not as fully exposed to the wind as at  

at 5 agle Harbor. Houghton has 10 per cent Ei ess precipi- 

particular indicate a lessene f actual fall over t 1 e lake 

IMPORTANT VARIATIONS OF PRECIPITBTION I N  THE LAST 
50 YEARS 

The record of mnperioa"ic variations.-Aside from giving 
t,he above general survey of precipitation, the purpose of 
t,liis investigation was to ascertain what important 
changes have occurred in the amount or distribution 
of preci itation over the Great Lakes drainage area 

Viewing t,he data from nearly 100 different points, 
on t,he yearly totals a t  each station in the se arate lake 

figures and diagrams, it becomes ap arent a t  once that 
the outstanding features are the Heavy precipitation 
during the first 10 years of the period over the greater 
part of the area, the persistent and important decreases 
during t8he following few years, the rather steady, but, 
on the whole, diminishing aiinud totals for the period 
about 1S96 to 1916. ancl the marked decreases in practi- 
cally all t,he region since 1916, including 1925. 

The heavy precipitation occurring in the earl years is 

figure 3. 
This aives the average prec,ipitation for five-year 

periods From 1872 to 1924, inclusive, over the eastern 
t,wo-thirds of the United States, based upon the records 
of 60 well distribut8ed observat'ion points in that area. 

For a period of about 10 years, 1875 to 1885, the 
precipitation for this area averaged nearly 45 inches, 
whereas during the remainder of the period the averages 
are mainly only slightly more t h m  40 inches or wen less. 

during t E e 50-year period 1875 t,o 1924. 

lmsins, and averages for each basin as a who r e, both by 

not, peculiar to the lake region alone, as is s T l  own by 
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In the tables and diagrams showing the precipitation 
over the combined lake areas, as well as on the separate 
lakes, similar conditions appear and the same holds 
pod  for the individual long-record stations, particularly 
in the Superior, Michigan, and Huron basins, where, 
with two or three exceptions, a111 stations show much 
heavier precipitation during the early years. 

Dividing the adopted 50 years of re.cord into two 
periods of 25 years each, 1575 to 1899, and 1900 to 1921, 
inclusive, and charting the cliff erences between the two 
sets of averages for all the stations (see fig. 5), i t  becomes 
evident at once that a large deficiency has accumulated 
during the later period over the greater part of the basin, 
the area of im ortant losses embracing practically all 
the Michigan, €furon, and Erie basins, where the average 

’ loss per year ranges from 3 to 8 inches, the area of 
greatest loss, slightly more than S inches, occurring in 
the northern portion of the lower Michigan peninsula. 
Losses of from 2 to 4 inches per year occurred over 
much of the Superior basin and locally in that of Ontario. 

increase in precipitation 
25 years a t  a few points 

in some of the other 
on the Canadian side. On the whole, 

evidence of a large deficit 
region in recent years.I 

Considering the drainage areas of the four lalie,s, 
Superior, Huron, Michigan, and Erie only, some un- 
usually dry years occurred, even in the earlier 
the period. In  1888 the average precipitation or this 
entire area was only 29.6 inches, and the preceding and 
following years were nearly as dry. The driest of the 
50 years was 1895, when the average was 27.6 inches, 
and 1894 was likewise The 1910 with 27.8 
inches was the second driest of eriod, but bot,h 

amounts ahove 
normal. Continuing the record to 1925, that year had 
the least precipitation since 1875, with an average of 
27 inches only. 

Examining the dry periods by groups of three years, 
one preceding and one following bhe clrie,st year, 18S7-S9 
had an average of 30 inches, 1894-96 had 29.S inches, 
and 1909-11, 31.7 inches. However, the past three 
years, 1923-25, had but 29.2, this last group being the 
driest in the 51 years, and the six preceding years also 
had amounts less than normal. 

The longest period with precipitation continuously 
below normal over pract,ically all portions of the basin, 
but not so low as in some single years, embraces the 
last eight years of the period, 1917 to 1924, inclusive, 
in which only one year, 1921, approached closely the 
normal. Including 1925, the period is increased t80 
nine years. The average deficiency for the entire water- 
shed durin this period was more than 2 inches per year, 
and range% up to 6 inc1ie.s or more in some portions. 
(See fig. 6.) 

The possibility of periodic va.riati0n.s.-No other weather 
element varies so greatly as recipitation, nor has 
its upper limit been ascertainec? Ldce other weather 
elements, however, despite its wide variation, precipita- 
tion always tends to return to the amount common to 

part Of 

the preceding and following 

I This is also true for the United States as a whole.-Editor. 
7 The diminishing precipitation in the lake region during the years 1894-95 wns com- 

mon to the ellstern and central portiouq of the United States, the drought years seemingly 
progressing from the Mississippi Valley eastward.-Editor. 

the area considered. The Great Lakes region is as free 
from violent fluctuations of recipitation as any other 

variations in the 
within the limits olgood judgment to state that perio B s 
of marked excess of precipitation will usually be followed 
by changes to the opposite condition, and that these 
swings may at  times be effective over 5 to  25 or more 
years. Probably the best guide to future conditions is 
knowledge secured by a careful survey of the past. 

A record of 50 years’ annual precipitation is far too 
short to establish any conclusion as to the length of these 

eriodic swings, but the SS years of record at St. Paul, 
binn. ,  referred to previously, may again be examined. 
In the five- ear groups in Figure 2 there is evidence of 
well-marke B periods of heavy and light rainfall recurring 
at  intervals of 20 to 30 years. The more im ortant 
crests center at  1S47, 1868 and again in 1902, w i! ile im- 
portant depressions occur between, the latest continuing 
a t  the present time. It is therefore within the bounds 
of precedent to  expect in that locality, a return to normal 
or possibly to above normal within the next few years. 

As regards the qfect of such a return on lake leveh, how- 
ever, the evidence indicates thnt owing to the characteristic 
lag in  response of lnke levels to precipitation, the lake stages 
would probnbly go lower unless the increase of precipitatzon 
ahove normal were very marked. 

Attention is invited also to the record of 100 years’ 
precipitation observations at  Marietta, Ohio, and the 96 
years’ at  Rochester, N. Y., shdwn on the same di ram 
with St. Paul. The five-year averages a t  these 7 paces 

eriods of precipitation with general trends 
show above l o n t  or e Y ow normal, though there is little evidence of 
any xonounced recurrence of wet and dry periods at  
myt!iing like uniform intervals. At Marietta, however, 
the trend is upward at the present time, the precipita- 
tion for the ast 10 years a roaching closely the wettest 

gave been among the driest of record, though not so dry 
as the fiveyear periods centering at  1837, 1887, and 
1907. Here the trend is at  present downward, and as 
the five-year averages of precipitation have been below 
normal for 20 years or more, it  is perhaps an allowable 
conclusion that in this locality precipitation will soon 
return to normal or above. 

No matter how we may view the question of the dis- 
tribution of precipitation in the Great Lakes region dur- 
ing the past 50 years, there can be but one conclusion: 
that there has been a marked falling off in the amount 
of recipitation received in recent years, as compared 

apparent1 no cause to suspect human agencies as being 
responsib T e for any important part of this lessening. 
Nor has any other area of the earth’s surface suffered 
within recent times a permanent important change of 
climate, a fact indicated by the rate of forest growth, 
which appears to have been not great1 variable for hun- 

produ ts which have in many cases remained uncha ed 
since enrliest times. It is therefore safe to predict t at 
fluctuations in the aniounts of precipitation over this 
region will occur in the future as in the past, and we 
shall again experience the generous distribution received 
during the earlier years of rainfall measurement iii this 
region. 

part of the country; nevert E eless, there are material 
early amounts, and it is probabl 

eriods of t E e record. At YoChester the past five years 

wit f i the amounts 40 to 50 years ago. There is, how‘ever, 

dreds r even thousands of years, and g y the agricultural 

T c 
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Centerville, Minn.: 
I919 ............................ 
1920 .-......-. ~ ........ ~ ....--.. 
1911 __......._....._............ 
1921 ............... ............ 
1923 _._...................-..... 
1924 ............................ 

RECORDED CHANQES I N  THE LEVELS OF THE GREAT LAKES 
AND THEIR RELATION TO EVAPORATION AND PRECIPI- 
TATION. 

Evaporation as a possible came of reduction in lake 
levels.-Of all the lakes making up the chain from Superior 
to Ontario the first named has been affected least by the 
human activities usually assigned as being to some extent 
res onsible for changes in climate. 

$he greater part of its drai ge area lies north of the 

forest. Hence, deforestation as a factor in reducing pre- 
cipitation and its resultant run-off, into this lake at least, 
must be eliminated as a factor. 

Increase in the rate of evaporation has been assigne.d by 
some as a possible partial cause for the reduction in the 
lakelevels, this change, it is assumed, being brought about 
by destruction of the forests, the ossible increase in wind 

the character of the ground cover. 
As stated above none of these have been extensively 

o erative in the Lake Superior district, but the level of 

others. In  advance of t e fuller discussion of lake levels 
in the section on “Lake levels and preci itation,” fol- 

while that of Huron-Michigan for the same eriod was 

including 1925, the fall in Superior has been about 3 feet, 
while for Huron-Michigan i t  has been 3.1, only one-third 
greater. This proporkionately greater decline in the level 
of Lake Superior can not logically be ascribed to increased 
evaporation from its surface since the factors usually 
assigned as influencing evaporation have not materially 
changed in that area. 

Eva oration is to a very large extent dependent upon 
the di 4 erence between the vapor tension due to the tem- 
perature of the water surface and that of the air directly 
in contact with it. If the difference be great, evaporation 
will be rapid, while it will decrease as the two values of 
va or tension approach each other. 

gayford (2) says in discussing run-off and evaporat,ion : 
The run-off and the evaporation in quest,ion have not. been meas- 

ured directly. From sources of information which are in part 
external to this investigation, it is estimated that during the months 
June-October of each year the run-off into Lake Erie from the sur- 
rounding land-drainage area is such as to produce a rise from 0.004 
to 0.040 foot per day in the mean lake surface, with only a small 
percentage of days in which the rise is more than 0.020 foot. For 
Lake Michigan-Huron the run-off expressed in the same terms is 
even more constant. 

SO, too, from external evidence, it is estimated that on either lake 
during the season June to October the evaporat,ion produces a fall 
in the mean lake surface varying from but little more than 0.000 
foot on some days to 0.021 foot on days of extremely rapid evapora- 
tion. * * * 

The above estimate of the maximum evaporat’ion loss is 
supported by the few direct observations made by the 
United States en ineers at Milwaukee (3) in 1862-64 

the monthly totals of evaporation as recorded at t,he three 

lake and in a region still large Y y covered by the original 

velocity thereby, the drainage o P swamps and changes in 

t f at  lake has apparent1 fallen more rapidly than t,he 

Lowing, it may be stated that for the erio a 1875 to 191G 
the range in the Lake Superior leve H was but 1.7 feet, 

3.6 feet, slightly more than twice as great. if nice 191G, 

i!l 

as given in Table a 0. 1 below. That table also includes 

stations maintained by the Weat8her Bureau 
region of the Great Lakes, but not, how- 
any one of them. These stat.ions are 

located at Centerville, Minn., Columbus, Ohio, and Itha- 
ca, N. Y., and the record is for the mont,hs May-Sep- 
tember, both inclusive, 19 19-1 925. 

_____._. _ _ _ _ _ _ _ _  ___.____ 6.62 4.51 _ _ _ _  _ _ _ _  
6.07 5.71 7.17 6.07 4.64 29.66 
5.61 7.29 10.68 6.19 4.37 34.14 
5.75 7.56 6.20 6.87 4.23 29.61 
7.01 6.56 7.06 5.33 4.39 30.35 
6.381 5.74 614 7.25 3.36 28.87 . _ _  -.. 

TABLE l .-Monthly evaporation i n  inches and hundredths at certain 
stations 

Stntionand year I May I June I July I Aug. 1 Sept. I Total 

Columbus, Ohio (State University): 
1919 ._..._._._______.___.--. ~..- 3.45 6.11 ’6.84 
1920 ._..__._._______.___..--...- 4.87 5.12 6.02 
1921 .__.._._.__.__._..._.---.-- 1 6.421 6.66 
1922 --...-.....-....------------ 5. 69 6. 12 

5.26 5.68 
4.05 5.78 
7.12 5.77 

Average ._............._._._-. 4.49 5.68 6.13 

1919 __....._._......._._.---..-- 3.70 5.11 5.60 
1920 --.. ~ _____.___._._______.___ 4.93 4.78 5.02 
1921 ___.__._._._..._._._________ 4.58 5.90 5.58 
1922 ............................ 4.74 4.95 .5.81 
19B ............................ 4.34 5.06 5.75 
1934 ______._. ~ ._.___.___.______. 2.65 4.53 5.04 
1925 3.43 6.05 5.14 

Average ___________.___.____-. 4.04 5.20 5.42 

Ithaca. N. Y.: 

Milwaukee. \Vis.: 
1862 ._..__.__._._._._.__________ 1 4.901 6.491 4.131 26.82 
1863. - .  ......_.__.._...__..___. 3.75 6.18 400 23.07 
1S64 .__._...__.__.______.....~.. 8.36 7.53 7.45 4.78 2.00 30.12 

5.40 4.25 26.05 
3.58 3.63 23.22 
5:; :  3.40 , 27.24 

402 25.43 
4.34 3.42 23.20 
5.76 3.38 22.14 
4.94 4.32 27.96 

4.97 3.77 25.05 

4.00 3.74 22.15 
4.45 4.07 23.25 
5.33 4.10 25.49 
5.11 7.05 27.66 
4.85 2.37 22.27 
4.26 2.31 18.81 
4.12 2.43 21.16 

4.59 3.72 22.97 

-_____--__ 
_____---- __----- 

-_____--- 

------ I 5.67 I 6.16 I 6.37 1 5.09 I 3.38 I 26.67 Avernge. . . -. . . . . . . . . . . . . . - -_____--- ------ 

1 Figures in square brackets are interpolnted. 
2 Record for U’noster, Ohio, which should compare favorably with Columhus. 
3 Partly estimated. 

The air temperatures and presumably the wa,te,r 
temperatures also, during the great ma’ority of the 

especially in 1921, 1922, and 1923; evaporation was at a 
maximum in 1921 except at the Ithaca station, where the 
nmsimum was deferred until 1922. Considered as a 
whole the temperature was favorable to rapid evapora- 
t,ion during the first four years and the wind moveme,nt 
was not adverse to it, but during the last three years 
temperature c,oncli tions were not particularly favorable 
for any increse in evaporation. 

The difficulty of applying the results of hhe pan ob- 
servations at  the three stations t80 large water areas such 
as the Great Lakes is re~ognized.~ 

Lake levels and precipitation..-In view of the impor- 
tance of the commercial interests around the shores of 
the %eat Lakes, the vast amount of freight transported 
on hlieir surfaces, t,he constant trend toward the use of 
vessels wibh greater tonnage as a matter of economy in 
transportation, and the depth limitations of harbors and 
connect’ing channels, any changes, actual or prospective, 
which indicate a lowering of the levels of these waterwa s 
are viewed with much concern. 
distribution of precipitation over their drainage areas 
would be incomplete without some comparison of this 
with their stages. 

Through t,he courtesy of the United States Lake Survey 
Office, De,troit, Mich., t’ranscri ts of the monthly and 

months comprised in the record, were a L ove normal, 

A discussion of t i!l e 

annual levels of the several la E es from about 1860 to 

1 An extensive and intcsresting discussion of  the possibilities of evaporation from the 
Croat Lakes is now in cnurse of preparation by Mr. John R.  Freemnn. consulting engi- 
neer, Providence. H .  I . ,  in which the problelri is Rppronched by several ditlerent methods, 
but mainly by  measurements of differences between the inflow into the lakes and the 
discharge therefrom, and by consideration of the temperature, wind and other conditions 
over their surfaces, based upon many years of observation. 
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1924 have been secured and diagrams showing raphically 
these annual levels are presented with those o recipita- 
tion, for each of the lakes and for certain com Pg inations 
of these for the 50-year period 1875 to 1924. (Figs. 

On account of the extensive area of the region under 
discussion, the various sizes of the lakes and of their 
respective watersheds, the different amounts of precipi- 
tation over their drainage areas and the large de endence 
of the levels of Lakes Huron, Michigm and t,ie 7 lower 
chain upon the discharge from Lake Su erior, a close 
correlation of the levels of the individual P akes with the 
precipitation over their respective basins is impossible 
save for Lake Superior. 

Lake Su.perior.-This lake, having a mean elevat,ion 
above sea level of about 602.2 feet, or 21.3 feet above t,hat 
of Lakes Huron and Michigan, is influenced in no par- 
ticular by the conditions existing in the lower lakes. 
Its stages should therefore respond directly t,o the precipi- 
tation over its drainage area. I t  has a seasonal range in 
level of about 1 foot, being usually highest in the late 
summer and early fall, averaging 602.78 feet in Septem- 
ber, and lowest in late wint,er and early spring, averaging 
601.75 in March. 

For the period, 1860 to 1924, inclusive, the highest 
yearly average was 603.06 in 1876, except in 1916 when 

artly by artificial means the level was raised to 603.10 
feet, and the lowest 601.42 in 1924, though it was only 
a t.rifle hi her in 1879, 1898 and 1911, the extreme range 
by years eing but 1.64 feet. 

I n  general the levels of this lake respond to the pre- 
cipitation over the drainage area, t,hough usually the 
maximum effect of one year’s precipitation is not reached 
until the following year unless it is excessive or deficient 
early in the season. 

The highest yearly average ever reached under normal 
conditions, that is prior to the installation of the regula- 
tory works in 1916, is 603.06 feet in 1876, although the 

recipitation for that and t8he preceding year, as shown 
gy the few stations then in operation, does not appear to 
have been materially above the normal. However, t,he 
lake was nearly as high for several years preoedi?, and 
the excess of precipitation in 1876 was promptly e ectire 
in continuing the rise. 

Immediately following this high stage there was a 
marked fall in the lake level for three consecutive years, 
during which the precipittition, t h o u 4  still above 
nomial, diminished somewhat for two o r  the years, but 
not in the volume a parently necessary to produce such 
rz lar e change in t g e lake level, while the last -year c>f 

50 years under consideraton. + This was without effec.t 
in staying the downward trend of the lake level for t,hat, 
year, though its influence is shown in the prompt and 
important rise in the two following years. The failure 
of the heavy precipitation in 1S79 t o  stay the fall in lake 
level for that year was doubtless in a measure due to 
its occurrence mainly late in the season. Also it is 
possible the interpolated values of precipitation, assign- 
ing heavy falls t o  the entire drainage area, as indic,at,ed 
by the few records available a t  that time, niay hare 
been in error. Furthermore, there is some evidence of 
error in the measurements of lake levels, as shown by 

7, 81 9.) 

the t B iree had apparently the heaviest precipibntion of the 

4 Letter under date May 18 1925 from Lieut. Col. E. J. Dent Corps of Engineers 
U. S .  A,, reports that com&nsati& works at the outlet of Lake’Superior had perma- 
nently raised the level of that lake by about 1 foot. 

unusual changes in some of the months, and to the fact 
that port,ions of these records also were i n b  olated. 
Another significant fact is that the higher the l x e  level 
the greater the opportunity for a rapid run-off throu h 
the enlargement of the usual discharge channels. #he 
levels will therefore be lowered much more rapidly 
when a t  flood than a t  lower st,ages. 

There are occasional instances when the full extent 
of the rise or fall, but partmicularly of the rise, is coincident 
wit,li the year of increased or decreased precipitation. 
These are well illustrated in the rises associated with the 
moderat,ely heavy precipitation of 1893, 1894, 1899 and 
1916. In the latter case, however, compensating works 
at  the outlet of La.ke Su erior had, as already pointed 

I foot. These works inust hare become operative to 
some a t a n t  prior to 1916, as indicated by a rise of 1.7 
feet in the lerel between 191 1 and 1916, wibliout any lar e 
escms of precipitation, while the completion of the wor a s 
in 1916 is doubt,less responsible for the sharp rise in that 
year, although there was a material increase in the 
precipitation also. 

During the following year, however, there was a 
st,r&ing deficiency in precipitat,ion, and the lake level 
fell off rapidly, apparently froin no other cause than 
lack of precipitation over bhe watershed. 

Beginning with 1917, tbe annual precipitation in this 
basin has been constantly below normal, and except for 
slight interrupt,ions, the lake level has continued to fall, 
t,ill iu 1924 it was at  the lowest stage of record, though 
as stated previously the stage was only 0.01 foot, higher 
in 1879. The past year has shown a continued deficiency 
in preci itation and the average level for 1925, 601.10 

controlling works the present actual level of Lake Sup- 
erior would be nearly a foot lower, presumably all due 
to zt lack of precipitation, unless the canals and locks 
leading to  the lower lakes have augmented the discharge, 
which appears improbable since in all operat,ions tending 
to  improve navigation in the links connecting these 
lakes it has been the aim to so place excavated material 
that while the channel is deepened the actual outflow 
shall not be increased. 

Examining the records of precipitation over the 
watershed s1nc.e about 1885, when the number of report- 
ing stations became sufficient to establish reliable values 
of precipitation for all portions of the drainage area, 
it appears that a precipitation average of about 29 
inches will maintain the lake level above 602.2 feet, 
without artificial control. 

In comparing the changes in Lake Superior levels with 
the preci itation over its drainage area, it  is remarkable 

precipitation. Ths is particularly noticeable in the 
great extremes of prec.ipitation in 1884 and 1885, when 
the annual averages differed by about 1 foot, but the 
increase in lake level froin 1884, the year of excessive 

recipitation, to  1885 was only 0.3 foot, while the decrease 
From 1885, the year of marked deficiency, to 1886 was 
but 0.4 foot. This may have been due largely .to the 
season of the year in which the bulk of the precipitation 
occurred. In this case the escessive precipitation of 
1884 was largely toward the latter part of the season 
and did not become fully effective until the following 
year, thereby overcoming to some extent the effects of the 
defic.iency in 1885. 

out, permanently raised t r le level of that lake by about 

feet, is t !a e lowest since 1860. It is clear that but, for the 

how sma 1 1 the responses are to important variations in 
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Lakes Huron and Nichigan.-As these lakes stand at 
practically the same elevation (average for the 50-year 
period, 580.9 feet above sea level), and their drainage 
areas receive usually similar amounts of precipitation, 
conditions affectin the level of one will be reflected 

fike Superior, they were at  high stages near the 
beginning of t.he period, the level in 1876, 582.61 feet, 
bein within a few inches of that in 1886, 582.96 feet, . The levels of these the EiAhest in the 50-year 
lakes so fell off rapidly, as id Superior, during the three 

ears following 1876, due to diminishing precipitation, 
h t  the fall was somewhat less rapid than was that of 

prompt1 in the ot i? er, and they may be considered as a 
sin le la t e. 

rriod 

low stages of Lake Superior, whose drainage area during 

important reduction in precipitation wit: diminis % ing an 
a portion of the period was likewise ex eiiencin 

run-off. 
There was a sharp fall of sli htly more than 1 foot in 

1895, the drought years, the greatest chan e within 1 
year for the entire 50 years, and a continue% slight fall 
in 1896 brought the level of Lake Michigan to an eleva- 
tion of 579.47 feet, 3.49 feet lower than in lS86, as quoted 
from the report of the Deep Waterways Commission 
noted above, and within 0.41 foot of the stage of 1924, 
579.06 feet, the lowest of record for the 50- ear period. 
The 1925 stage was only 578.21 or 0.85 foot T ower still. 

the levels of Lakes Huron an C f  Michigan from 1894 to 

1875 1880 .le85 1890 1895 1900 1905 1910 1915 1920 1925 
I I I I  I I I I  I l l 1  I I I I  I I I I  I I I I  I I I I  I l l 1  I I I I  I l l 1  

---- PRECIPITATION - - LEVEL 
607 

606 

605 

MICHIGAN -HURON 4 w 
U a 
36 583 

34 582 

32 581 

FIG. 'I.-Preclpitation and lake levels, annual means, 1875-1924, for Lakes Superior, Michigan, and Huron 

Superior, robably on account of continued excessive With increasing recipitation over the basins during 

Under the influence of much the heaviest precipitation normal discharge from f a k e  Superior due to the same 
in the 50 years over the drainage basins of these lakes, cause, the levels of these lakes gradually rose to sli htly 
from 1880 to 1885, supplemented by R nearly normal above normal stage of 580.90 feet, continuing stead 8 y at 
discharge ~~ from Lake Superior, they again rose steadily 5S1 feet thereafter for several years. 

discharge P rom that lake. the 8 to 10 years fol f) owin 1895, augmented by more than 

to a level of 582.96 feet by 1886, the highest, as previously 
stated, in the 50-year period and probably m t h  one or 
two exceptions the highest since 1838, the year of mmi- 
mum known stage, 584.34 feet. 

Beginning in 1886 there was a sharp decrease in pre- 
cipitation, which, with slight recoveries in 1890, 1892 and 
1893, continued until 1895, inclusive, the last-named year 
having the least of the 50 years. The lake levels fell off 
during this period, the decline being augmented by the 

Since 1908 there have been several sharp increases and 
decreases due to than,* precipitation in both the 
Huron-Michigan and Su erior basins and to increasing 
or decreasing discharge from Lake Superior, the lakes 
rising in 1918 to the hghest point since 1889. 

Since 1916, excepting 1921, the preci itation in the 

during the whole period, has been constantly gelow 
normal, the average deficiency for the 8-year period 

. 

basin of these two lakes, as well as that o P Lake Su erior 
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being 1.7 inches per ear, or a total of 13.6 inches for The report of the Board of Engineers on Dee Water- 

the average precipitation was slightly less in this basin * of the Great Lakes, and shows that the extreme high 
than indicated above, but in this period Lake Superior water to which all levels concerning Lake Michigan are 
levels were high and the discharge robably was materi- referred, occurred in 1838, when the elevation stood at 

as high in 1858-1859. 
584.3 feet, 3.4 feet above the normal. It was nearly 

precipitation in the Huron-Michi an basin. 
The lowest authentic stage appears to have occurred 

in 1819, 577.7 feet, 6.6 feet lower than in 1838 and 0.5 
deficiency being 2.84 inches or a total of nearly 23 inches foot lower than in 1925, which, with that exception, is 
for the &year period. As tt result, the water level of probably the lowest of record. 

the period. During t K e 9 years, 1893 to 1901, inclusive, ways (4), gives numerous references to the ear P y levels 

ally above normal, thus offsetting t g e effect of decreased 

Since 1916, preci itation over t a e Lake Superior basin 
has been constant P y below normal, the average yearly 

1875 1880 1685 1690 I895 1900 1905 1910 1915 1920 1925 
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Pia. 8.--Preclpitation and lake levels, annual means, 1875-1964. for Lakes Erie snd Ontario 

Superior has been great1 reduced, despite the presence 
of regulatory works a t  t Tl e Soo, and Lakes Huron and 
Michlgan are now receiving far less discharge from 
Superior than usual, 

The prompt rise of these lakes in 1917 and 1918 in 
response to the moderately heavy precipitation over 
ther h a h a  e areas in 1916, with nearly normal discharge 
from Lake 8 uperior, shows that with an average annual 
reci itation of sfi ht,ly more than 32 inches, the normal 

for with the usual discharge from Lake 
Superior, these lakes will maintain their normal level. 

In connection with the 1924 levels of these lakes, it  is 
interesting to note that in theb early history tiley 
showed fluctuation as Pea t  01’ Possibly greater than any 
in recent years. 

In  this connection the following quotation from the 
report of the Board of Engineers on Deep Waterways 
is pertinent (4 ) :  

The general depth of the  foot of Lake Huron, 1% miles above 
the  head of the St. Clair River, was originally about 21 feet to  27 
feet, over which were scattered nunierous shoals with only 16 t o  18 
feet of water. A channel 2,400 feet wide and 21 feet deep at mean 
stage has been cut through these shoals. At the time of the last 
complete survey of the head of the river, in 1867, the  depth across 
the bar over which the lake discharges into the  St. Clair River 
was only 27 feet, and through the  gorge at the  head of the  river 
the  central depth was 48 feet. 

Investigations made during 1898 and 1899 show tha t  a channel 
has been scoured through the  bar 75 feet deep, and  the depth in 
the  gorge at t h e  narrowest place increased from 48 feet to 66 feet. 

There is now a channel over 40 feet deep from the  lake into the 
river, the  increased outflow through which has lowered t h e  general 
level of Lakes Huron and Michigan about 1 foot. 

basin, an 8 
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Lake Erie . -On account of the smaller area of the drain- 
age basin, and its lower elevation, the levels of this lake 
are governed largely by the discharge from the higher 
lakes of the chain. 
In general, the responses to variations in recipitation 

are more prompt here than in the larger la T: es, though, 
as might be expected, they are less in degree, due to the 
steadyin effecks of the discharge from the other lakes. 

stages near the beginni of the period, teaching a maxi- 

period being 572.4. The heavy precipitation in the early 

nounced in the Lake Erie basin, and the correspon K""- ing 
eighties over most of the Great Lakes was less 

water levels did not reach the extreme high points shown 
by Huron-Michigan, though they continued high for a 
longer period. 

Beginning with 1891 the Lake Erie levels fell off, due to 
precipitation over the whole region, and 

reached t e lowest stage of the 50-year period, 571.2 in 
1895. This, however, was not so low as in 1925, 570.9, 
the lowest since l8GO. 

Like. tt e lakes previously discussed, Erie was at  high 

mum in 1876 of 573.7 ? eet, the normal for the 50-year 

With the other lakes, Ontario has been more or less 
below its usual level for several years, though the fall 
has not been so uniform or so extreme. Like Erie i t  
rose shghtly during 1924, following a considerable in- 
crease in precipitation over its basin, but fell with the 
other lakes in continued increase in the 
precipitation over thou h in 1925 it 
did not roach the 
half a foot. 

Mathematical correlations between precipitation and lake 
kve7s.-It seems clear from an inspection of Figures 7 
and 8 that an analysis of lake levels and preci itation 

interesting results. To include a reasonably compre- 
hensive study of this charac.ter would delay publication 
of this paper. However, at  the suggestion of the chief 
of bureau, we present at this time the results of the 
computation by Mr. E. W. Woolard and Mr. W. R. 
Stevens of the direct Pearsonian coefficients of correla- 
tdon (with their probable errors) between the levels of 
the Great Lakes and the precipitation over the water- 

' 

of 1895 % y more than 

by the method of correlation coefficients wo lif d yield 

lake level hzs been below normal, reaching a low point of 
571.4 in 1923, only slightly higher than the lowest pre- 
ceding record, 571.2 in 1895, and slightly lower than in 
1901 and 1911. t,o the case of t,he lakes dis- 

1923 to 1924, &e evidently to increased precipitation 
over its watershed; but, as stated above, its stage again 
fell during 1925. 

Lake O,ntaTio.-This lake has an average elevation of 
246 feet above sea level, or 326.4 feet lower than Lake 
Erie. It has enerally wider fluctuations than Erie, but 

Like the other lakes it was high in 1876, but reached 
its peak in 1886, 247.6 feet, though it was nearly as high 
in 1908 and again in 1913. As in the case of Erie it 
reached its lowest level for the 50-year period, 244.8 feet, 
in 1895. 

Contrar 
cussed previous1 , Lake k rie showed a slight rise from 

they are main P y similar. 

Precipitat,ion continued generally less than normal for 
a number of years following 1895, and the lake level 
remained a t  low stages until 1902, followin which there 
were several sharp rises and falls, also s own by t,he 
oher lakes, Erie reaching comparatively high levels in 
1913 and aPain in 1917 and 1919. Since that time the 

sheds, using simultaneous values of the annual means 
of t,he quant,it,ies. 

Lake Superior _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  +O. 224=tO. 134 

Lake Huron-Michigan _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  + . 505& . 105 
Lake Erie ..___________._____________________ + . 221& . 134 

The first, two coefficients, in addition to being very 
small, are apparenbly not significant (judged by t,heir 
probable errors) ; the third apparently is significant, but, 
since the import,ance of a coeffiicient is measured by its 
square, even this coefficient is not very large. Moreover, 
tdie ordinary forniula for the probable error of a correla- 
t,ion coefficient is not reliable for samples as small as 50. 

There is, of course, a delay in the response of lake 
!(b..,els to precipitation. Mr. H. W. Clough has sought 
t.o bring this out by his short method of obtaining corre- 
lation c.oefficients, which is based on the signs of year-to- 
pear variations. The following table shows bhe coeffi- 
cients between precipitation and lake levels, the 
precipitation being compared with the lake levels of 
one year before, of the same year, and of one, two, 
and three years later: 

fl 
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The sequence of t8he signs and the nia~nit~ude of the 
values c,learly indicates a lag of lake levePs behind pre- 
cipitation, but accurat'e evaluation of bhis lag from yearly 
data is in1 ossible. For Su erior, the lag is apparently 

Michigan-Huron about a year. For the lower lakes it. 
appears to be between two and three niont,hs. These are 
conclusions based on the obvious indications of the figures ; 
t,here are, however, cert,ain evident discre.pancie3, but 
discussion of these must be reserved for another aper. 

ment and disagreement between tdie values for the 
coefficient,s as comput,ed by tlie Pearsonian and the short, 
methods for the siniult,aneous relations of lake levels tmc l  
recipitation, especially for t8he case of Lake Michigan- 

huron. The disagreement is to a considerable exknt 
explainable on the basis of two fact,ors: First, i n  t,lie early 
yeais of the record t'here was a. large nnd persist,ent, lag 
of the Michigan-Huron level beliind tdie precipit,at,iun ; 
second, tlie Pearsonian method takes account of secular. 
trends, w1iic.h in the d a h  under review are very pro- 
nounc.ed. 

I t  is ex ected t,liat8 further study of t,hese dat,a by tdie 

somewhat, P ess t,han a year cp ,about, nine months) and for 

I t  will be noted, moreover, bhat, there is bot P 1 n.gree- 

met,hod o P correlations will be carried out, using mont,lily 
or seasonal values as far as the d a h  available pennit,. 

SUMMARY 

An attempt hns been made to show graphically t,he 
relation between the nvernge annunl precipitntion over 
the drainnge nrea and the average conibinecl change in 
lake levels resulting therefrom. 

In pre arin these grn  hs only the four lakes, Superior 

the nverage nnnunl precipitation over the four clrninnge 

(See fig. 8.) 

to Erie, K t  ave een consic lp ered. One of the graplis shows 

96500-26-2 

mens, based on the records from all the stations used in 
computing the precipitation over these areas, while the 
other shows the average annual change in the levels of 
the four lakes resulting from changes in precipitation or 
other factors nffecting their levels. 

These, as may be expected, show decidedly complicated 
conditions, but still indicate that inaterial variations in 
precipitation are effective on the lake levels for a con- 
siderably longer period than would be expected, thus 
making tlie combiiied changes comparatively small 
even when the changes iu precipitation were large. 

The yearly changes of the individual lakes, as previcjciusly 
indicated, are shown on the preceding diagrams. 
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Jirgin- 
is  

near), 
Minn. 

27.84 

33.24 
35.34 
28.93 
40.64 
39.19 

33.m 
39.16 
23.90 
36.41 
20.56 

34.37 
29.42 
28.13 
30.00 
23.00 

22.50 
27.00 
26.00 

36. 10 
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TABLE 2.-Annual precipitation .in the dru,itingc area of Lake Superior, 1576-1984 (inches) 
~- 

dsh- 
land 

(near), 
Wis. 

_____ 
127.22 

131.17 
'31.45 
129.fl6 
1 42.77 
135.71 

138.09 
136.73 
124.68 
138.15 
121.91 

131.30 
126.96 
128.92 

30.50 
26.00 

28. 31i 
26.2G 
28. fi8 

30. 31; 
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1876 _ _ _ _ _ _ _ _ _ _ _ _ _ _  
1877 _ _ _ _ _ _ _ _ _ _ _ _ _ _  
1878 _ _ _ _ _ _ _ _ _ _ _ _ _ _  
1879-. _ _ _ _ _ _ _ _ _ _ _ _  
1881 ___.._._____._ 

18al.________.-_--- 
1885 ._.___._.-__.- 

1880. _ _  _ _ _ _ _ _ _ _ _ _ _  
1882. -. .__._._____ 
lax3 ________.__.__ 

__ 

New- 
berry 
near), 
Mich. 

__ 
35.15 

3s. Ifi 
29.52 
32.48 
33.56 
29. La 

43.31 
36.52 
23.58 
40.43 
30.90 

29.12 
21.72 
31.24 
30.90 
35.10 

30. 27 
29.60 
33.45 
33.87 
30.59 

32. 25 
29.53 
25.11 
21. Ha 
18.35 

18.66 
l i .  90 
2s. 21 
31. ;2 
2G. i 9  

22.19 
26. 50 
24.45 
29.32 
25.00 

29.35 
24.51 
30.26 
30.30 
33. i 3  

33.52 
26.59 
34.15 
23.53 
2i. 50 

32.52 
32. 22 
2Y. 15 
26.89 

29.61 
__ 

32.27 
34.31 
28.08 
45.28 

37.55 

35.35 
19.86 

3 a  05 

3 a  cn 
23.20 

__ 

Sa- 
anne 
?ear), 
Ont. 

1891 ____________._ 
1892 __._________._ 
1893. - ~ _ _ _ _ _ _ _  _ _ _ _  
1894 ..___.________ 
1885 _.___.________ 

1896 ._.___________ 
1897 ___.__________ 
1898. .___.__.-_--- 
1899. _ _  ~ _______.__ 
1900 _...__________ 

- 

Means 

~ 

28.82 

32.27 
31.63 
30. OB 
38.19 
3 4  68 

38.96 
34. 23 
20. 44 
35.72 
23.81 

30.00 
28.52 
29.41 
29.83 
27.79 

25.84 
28.04 
28.48 
29.61 
28.74 

29.84 
28.93 
27.10 
30.99 
30.16 

28.78 
27.01 
32.92 
27.48 
32.62 

29.11 
25.67 
?a28 
29.23 
22.18 

31.23 
25. OB 
29.92 
28.79 
28.70 

3 2  10 
22.71 
26.08 n. 74 
26.60 

27.35 
28.23 
24.73 
25.62 

28.97 - 

29.47 
28.52 
23.34 
31.70 
22.30 

27.19 
30.84 
19.70 
30.62 
23.14 

__ 
Poke- 
gama 
Falls 
:ne~r) ,  
Minn. 
- 
2s. 6LI 

30. fi6 
32.59 
28.68 
43.02 
36.15 

3s. fi7 
36. 12 
22  04 
33.58 
18.96 

131.70 
28.15 
27.13 
25.65 
26.M 

26. 00 
22.59 
26.24 
32.01 
26.53 

32.53 
23.24 
27. 55 
37.23 
9 .35  

29. M 
5 . 1 3  
29. 77 
22. tifi 
37. 76 

26.67 
20.97 
24.94 
24.73 
31.25 

?a. 55 
16.97 
32.43 
21.52 
26.24 

25.35 
15.14 
21.31 
26.17 
20.58 

20.85 
22.14 
15. 75 
21. 09 

26.97 
- 

30.59 
30.54 
35.39 
31.50 

30.15 
31.13 
33.90 
27.02 
42.83 

29.17 
20.59 
26.01 
32.06 
16.39 

26.31 
ao.96 
29.36 
28.12 
25.56 

28.39 
18.88 
19.42 
28.62 
25.42 

21.19 
23.35 
17.80 
24.66 

29.16 

- 

Flor- 
ence 

'near), 
Wis. 

30.33 
16.W 
30.12 
2i.s 

31.81 
2li.24 
35.69 
26.98 
33. M 

33.14 
20.82 
23.54 
34.64 
18.59 

28.89 
22.16 
29.65 
24.71 
3 . 8 7  

30.63 
25.84 
20.70 
?7.30 
32.90 

25.31 
26.37 
22.13 
31.26 

23.78 

~ 

Calu- 
met, 
Mich. 

1900. - - _ _ _ _ _  ~ _ _ _ _ _  
lQO?-- - .  _ _ _ _ _ _ _ _ _ _  
1908 _ _ _ _ _ _ _ _ _ _ _ _ _  ~ 

1909 _ _ _ _ _ _ _ _ _ _ _ _ _ _  
1910 -._______-___- 

1911--.. _ _ _ _ _ _ _ _ _ _  
1912 _ _ _ _ _ _ _ _ _ _ _ _ _ _  
1913 _ _ _ _ _ _ _ _ _ _ _ _ _ _  
1914 _ _ _ _ _ _ _ _ _ _ _ _ _ _  
1915 __________.___ 

- 

\f?ide 
Ridge 
nenr), 
hlich. 

28.78 
23.87 
31.05 
33.65 
18. 11 

30.30 
21.34 
28.69 
30.08 
25.77 

__ 

Mar- 
iuette, 
Mich. 

1916 _ _ _ _ _ _ _ _ _ _ _ _ _ _  
1917 _ _ _ _ _ _ _ _ _ _ _ _ _ _  
1918 _ _ _ _ _ _ _ _ _ _ _ _ _ _  
1919 _ _ _ _ _ _ _ _ _ _ _ _ _ _  
19% _ _ _ _ _ _ _ _ _ _ _ _ _ _  

__ 

Port 
rthur 
Out. 

29.38 
23.23 
19.76 
23.7i 
20. i4  

- 

3chrei- 
her 

:near), 
Out. 

___ 

White 
Xiver, 
out .  

Orand 
Marais 
(near), 
Minn. 

- 
1 25.34 

1 30.25 
I 32.36 
1 m. 98 
1 38.10 
1 34.94 

I 33.33 
' 3 1 . U  
123.42 
I 31.70 
1 19.82 

1 29.45 
127.69 
I 27.37 
1 29.24 
1 22.77 

1 25.99 
124.82 
1 23.67 
128.18 

24.62 

32.14 
32.07 
31. 80 
30.00 
30.20 

25.07 
27.72 
30.00 
23.75 
32.67 

24.36 
23.60 
2;. 30 
27.00 
17.00 

27.60 
20. 75 
27.64 
24.36 
25.60 

29.35 
2400 
16.86 
17.99 
20.53 

22.50 
22. i 9  
21.77 
19.46 

26.54 
~ 

Inter- 
ationa 
Fnlls 
near), 
Minn. 

landy 
Lake 
Dam 
neW, 
Him. 

lutter 
nut 

near), 
\Vis. 

Sault 
Ste. 

Uorie 
Mich. 

Duluth 
Minn. 

1875. _ _  _ _ _ _ _ _ _ _ _ _ _  24.62 

28. 40 
31.25 
26.38 
35.91 
33.78 

31.92 
29. 23 
23.18 
30.44 
19. w 
28.16 
27.16 
27.06 
28.00 
22.00 

21.00 
28.74 
29.26 
24.N 
23.93 

25.00 
25.53 
27.97 
m. 00 
29.50 

2R. 00 
E. 00 
30.00 
25.00 
35.00 

26 00 
21.00 
24.64 
29.19 
111.6Y 

26.61 
21.85 
27.91 
25.13 
24.00 

30.57 
15.12 
19.32 
29.55 
10.29 

21. 07 
16.93 
19.81 

25.74 

n. 62 

25.95 

30.98 
32.94 
26.97 
43.47 
36.53 

36.05 
36.50 
22.27 
33.94 
19.16 

32.04 
27.42 
26.22 
27.00 
24.50 

23.00 
22.43 
23.67 
20.11 
21.70 

34.57 
34.01 
22.06 
33.46 
20.91 

21. 50 
28. 20 
35.36 
20.86 
36.16 

27.26 
21.91 
33.88 
29. 73 
19. i 7  

21.96 
19.78 
27.57 
27.75 
2i.  73 

26.15 
20.98 
20.55 
27.25 
26.90 

25. U 

21. a3 
23.53 

27.15 

27. an 

31.33 

35. 08 
:34.3ii 
34.95 
47.54 
39.55 

43.98 
41.3s 
29.17 
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28.34 
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30.25 
28. 70 
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35. i 2  
34.98 
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29. 70 
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XI. 11 
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22.27 
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19. 54 
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24.15 
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26.54 
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26.60 
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29.40 
21.60 
17. 20 

26.14 
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25.02 
21.09 
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5 . 7 3  
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23.18 
22. 98 

25.25 

29.10 

33.66 
34.86 
32.80 
36.78 
37.23 

36. 50 
29.89 
29.75 
35.32 
25.42 

28.98 
30.22 
32.00 
35.68 
23.17 

B . 6 4  
22.77 
27.66 
30.85 
30.20 

29.73 
26.60 
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32.73 
34.22 
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31.92 
30.61 
32.43 

30.14 
35.36 
35.96 
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23. m 
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27.40 
26.84 

31.72 
30.02 

3 2  14 
26.84 
25.00 
31.08 
22.04 

2 k  80 
22.69 
24.72 
33.18 
25.24 

17.07 
17.19 
28.12 
23. 88 
26. 08 

26.40 
17.58 
26.85 
25.79 
27.70 

27. 29 
2s. 49 
28.46 
27.42 
25.76 

23.01 
33.31 
33.69 
27.67 
28.06 

35.37 
28.47 m. 59 
16. 24 
26.25 

29.10 
24.36 
28.36 
30.49 
2 2  31 

24.71 
18.51 
20.95 
22. 10 

26.11 

28. a4 
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TABLE 3.--Annucrl precipitation in the drainage area of Luke Michigan, ,1876-1924 (inches) 

. .  

___________________~__ ~ _ _ _ _ _ _ - - ~ - - _ _  
1875 . . . . . . . . . . . . . . . . . . . .  '23.48 37.44137.36125.96'41.72'40.06 22.80 30.26 35.58 38.06 36.52 34.68 36.20 42.90 35.00 37.63 43.64 3 4 4 1  33.67 31.00 28.44'34.10 3400 3477 

1908 .___._______._.____. 39.21 29.26 40.23 33.44 37.90 39.30 32.38' 30.46 30.18 30.87 39.87 17.99l 31.70 29.82 28.89 31.65 29.27 33.64 19.83 31.64 
1W7 ____.__________.__._ 30.02 35.84 23.02 32 35 27.32 26.30 30.29 29.74 34.90 35. 10 32.96 19.81 24.30 36.04 33.39 36.72 34.55 32.42 30.29 31.59 

34.31 25.73 23.93 33.35 31.17 30.26 28.63 X 9 8  24.13 29.33 
L806 ____.__ ~ _ _ _ _ _ _ _ _ _ _ _ _  27.50 41.01 35.84 28.12 26.78 29.99 3 0 . 8  30.89 31.51 43.22 38.05 27.25 31.65 38.01 39.71 42.68 29.7- * 3 4  65 20.04 84.01 
1910 ____._____________.. 22.18 23.00 22.00 20.75 29.14 24.50 24.37 25.92 21.10 26.86 24.84 22.67 27.43 25.73 23.53 30.44 25.08 26.56 24.31 25.23 

1011 __________._____.___ 42.65 37.30 36.78 28.72 30.69 44.45 32.73 37.01 26.25 33.83 38.04 27.21 36.33 40.58 45.11 3 2 7 5  31.12 28.08 29.28 3477 
1912 ___________________. 35.12 36.01 28.25 37.53 33.32 40.99 32.32 3 4 3 8  34.55 29.67 24.10 35.29 38.23 36.02 44.03 25.58 27.32 32.43 35.20 39.45 33.50 45.67 19.31 33.40 
1913 . . . . . . . . . . . . . . . . . . . .  37.18 31.59 31.16 37.07 30.83 34.12 36.04 32.66 30.38 2i.11 28.67 33.74 34.48 37.01 29.68 22.15 26.60 24.34 23.88 25.04 31.05 29.42 25.30 30.38 
1914 ______________.____. 32.25 32.28 30.66 32.30 38.03 26.50 28.17 30.30 32.48 28.61 26.38 31.58 31.80 41.42 27.32 25.09 28.85 35.80 29.83 30.97 30.37 34.27 24.26 30.86 

1WS. _._____._..._____._ 29.73 33.08 24.21 26.70 21.91 35.34 25.671 28.52 28.32 3 4 6 3  

I ! I  

1 Interpolated. 
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TABLE 4.--Annual precipitation in ihe d m i n n g e  areu of Lnke Huron,  1875-1924 (inches) 

MARCH, 1926 
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29.75 
35.79 
32.35 
48. 85 
31. 50 
35.41 
36. 46 

33.55 
27.52 
39.20 

36.36 
44.39 
48. 54 
47.42 
28.04 
30.30 
24.59 

29.32 
34.59 
29.07 
44.71 
34.50 
38.15 
42.40 
39.04 
40.16 
41.59 
41.93 
42. 90 
33.84 
30.05 
31.51 
40.48 
27.99 
45.19 
37.01 
38.58 
39. 59 
3 4  21 
36. 50 
32.52 
35.89 
36.21 
27.49 
38.27 
31.55 
3 2  53 
36.27 

28.50 

4a  07 

39. oa 

31.44 
39.26 
34. 48 
60. 24 
30.47 
39.26 
35.95 
33.82 
38.07 
37.07 
52.36 
44.85 
31.55 

40.07 
46.55 
30. 74 
45.87 
38.64 
38.92 
32.02 
37.29 
37.72 
33.50 
29.39 
35.93 
35.49 
32.91 
37.95 
35.83 
35.85 
33.63 
34.97 
34.24 
36.97 
42.43 
37.03 
33.22 
33.14 
34.38 
31.84 
33.38 
38.67 
32.21 

30.77 
26.71 
29.41 
25.31 
33.37 
35.94 

33. a7 

2 a  12 

31.34 
36.14 
25.36 
33.26 
33.42 
31.94 
37.20 
36.17 
41.21 

46.40 
36.90 
38.23 
34.04 
43.22 
52.07 
34.52 
40.04 
40.22 
48.39 
32.35 
36.34 
37.15 
42.40 
28.02 
35.49 
41.94 
45.72 
36.04 
35.74 
37.82 
40.35 
31.03 
33.58 

48 97 

2s. 73 
33. BY 
33.83 
32.94 
35. 13 
34.91 
40.97 
37.36 
35.91 
36.49 
37.07 
30. 03 
33.15 
31.33 
33.65 
37.03 
36.83 

31.41 
34.20 
32.20 
55. 63 
36.60 
43. 10 
39.25 
36.13 
34.49 
31.47 
33. 1.1 
35.46 
23.41 
32.79 
40. 10 

31.41 

34. 7.3 
36.44 

40. a6 

34. a i  

32.48 
38.32 
36.61 
40.44 
34.65 
37.17 
45.00 
37.87 
39.65 
39.51 

36.23 
38.36 
33. Y3 
37. 59 
36.99 
36. !.O 
40.60 
34.65 
29.80 
31.63 
2s. 33 

31.25 
34.32 
32.31 

33.10 
27. 50 
31.33 
35.34 

38. i o  

29.6s 

25. l a  

26.90 
33. 81 
31.07 
41. 43 
23.93 
23.67 
30.44 
23.46 
33.77 
26.73 
30.20 
31. i 3  
26.36 
31.09 
39.99 
44.27 
33.76 
34.09 
29.74 
36.92 
23.14 
41.79 
31.89 
31. 75 
2s. 70 
30.45 

29. ia 
35.33 

38.96 
34.37 
30.67 
30.69 
23.86 
23. 11 
22. ?' 
30. I:! 
2s. 53 
26. 8.5 
23. 51 
30.47 
30. S3 
39.39 
39. 94 
27. 06 
37.13 
27.35 
31.15 
36.61 
27. 61 
30.04 
31. 19 

30.93 
39. 32 
32.01 
49.39 
30.29 
32.79 
37.88 
29.62 
35. 41 
34.17 
35.10 
32.92 
30.59 
30. Y 7  
46. M 
53.07 
38.60 

37.90 
42.55 
31.22 
36.62 
32.12 
37.60 
30.21 
35.77 
43.62 
40.85 
43.67 
36.6Y 
38. 34 
39.29 
37. 21 
33.3; 
29.30 
35. 56 
35.01 
31.41 
33. 26 
39.61 
34.66 
29.2i 
39.53 
35. bS 
27.25 
33.83 
32.47 
37.13 

31.47 
35. 85 

43.30 

2a. 04 

29.93 

34. 12 

35.22 
41.80 
38. 24 
24.73 
30.50 
31.17 
2s. 31 
36.84 
20.30 
37.76 
35. 70 
43.09 
33.64 
35.02 
35.50 
35. 11 
30.42 
36. 84 
30. 12 
37. 50 
26.76 
38.12 
37.20 
29.73 
29. 44 
34. 56 
33.50 
29.74 
27.60 
27.49 
29.49 
35. 52 
32.68 
29.45 
83. 20 
29. 83 
28.28 
36. 14 

29.35 
33.08 
27.69 
28.13 
33. 02 
30.31 
31.59 
32. 71 

35. a2 

4s. 81 

36. a9 

23.16 
25.72 
32. 29 

22.26 
23.95 
22. 78 
25.37 
28.33 
29.12 

29.54 
22.90 
30.81 
55. 73 
32. 14 
29.12 
40.71 
39.13 
33.21 
30.08 
33.01 
24. 05 
25.29 
21.67 
3 4  40 
40.66 
34.53 

37.51 
47. 73 
34.31 
36.15 
31.11 
31.58 
29.35 
31.07 
39.45 
36.18 
25.77 
28.56 
37. 68 
30.77 
30.98 
29.78 
31.36 
29.46 
33. os 
29. 54 
32.58 
31. i 6  

38.55 

2 a  11 

36. ga 

'28.10 
'25.47 
'22.63 
'36.60 

'25.06 
'22.50 
'24.38 
'23.24 
30.54 
27.24 
38.57 
22.37 
22.76 
28.88 
31.32 
21. 87 
30.13 
28.32 
33.90 
25.48 
24.92 
30.87 
32.98 
38.60 
28. 00 
32.18 
26.96 

31.97 
32.20 
35.83 
27. 62 
2s. 5.3 
31. 9.3 

26.43 
35.69 
36.78 
3 . 0 0  
34.74 
31.77 
24.50 
2442 
28.40 
28.50 
31.18 
26.23 
21.99 
30.88 
28.47 

921.34 

2a. 49 

29. i a  

28.48 
30.40 

47.34 
32.95 
31.22 
25. 15 
34.01 

36.82 
42.04 
41. 73 
32.88 
32. 71 
35.53 
34.20 
30.02 
35. 00 
36. 56 
29. 53 
28.03 
25. 78 
28.32 
31.50 
27.51 
30. 84 
35.35 
30. 44 
33.43 
34.61 
37.22 
32.26 
21. 83 
33.37 
37.99 
33.36 
32.72 
36. 83 
33.51 
25.16 
25.93 
37. 42 
33.63 
33.05 
34.98 
27.49 
24. B6 
27.35 
27.33 
32.81 
32.37 

30.38 

38.39 

24. 37 
27.55 
25.30 
40.31 
23.21 
2R. 97 
23.10 
28.84 
34.49 
29. i o  
27.94 
27.86 
22.30 
22.38 
30.87 
27.68 
22.96 
28.75 
33.83 
23,44 
31.52 
29.55 
37.62 
36.37 
30.95 
30.33 
33.93 
34.71 
28. 25 
26.89 
27.12 

24.83 
27. 04 
30.91 
34.50 
27.96 
35.61 
27.63 
24. 35 
26.34 
30.47 
28.5s 
36.94 
25. 75 
22.46 
25.78 
19.23 
16. OG 
29.11 
28.5C 

30. 2a 

29.52 
31. 20 
27.08 
44.51 
25.48 
34. MI 
28.77 
30.97 
40.83 
3 4  92 
29.86 
33.64 
32.77 
27.10 
37.23 
32. 56 
34.17 
32. 60 
35.30 
31.71 
26.84 
32.74 
42.33 
37. 16 
37. 29 
35.98 
35.69 
43.01 
30.52 
3% 13 
3s. 66 
40.23 
30.51 
37. 32 
4G. 46 
56. os 
2j. 7a 
45.38 
29.47 
23.37 
26.34 
30.48 
26.92 
31.67 
30.48 
27.76 
33.12 
23. 68 
27.39 
28.75 
33. 88 

27.59 
27.16 
22.03 
37. 64 
21.41 
31. 69 
27.52 
23.77 
1s.. 59 
33.84 
31.51 
32.48 
22.67 
27.10 
37.23 
32. 56 
31.02 
33.00 
43.30 
32.48 
27.30 
31.50 
35. 90 
33.46 
34.59 
35.71 
32.60 
37.79 
29.04 
34.30 
30.65 
38. 13 
29.29 
27.41 
33.21 
31. 12 
31.20 

24.06 
24.20 
29.22 
31.95 
30.41 
36.88 
23.93 
30.77 
29.95 
26. 85 
30.63 
31.48 
30.87 

4a  06 

33.64 
36. 73 
21.38 
46.16 
29.66 
29.31 
28.04 
32. 23 
27.77 
27.68 
36.87 
38. 67 
33.46 
30.18 
34. a3 
40.36 
37.68 
34.49 
45.62 
32.74 
35.37 
33.54 

34.20 
28.87 
37. 74 
35.26 
32.57 
3i. 34 
41. 19 
33.98 
35.05 
30.64 
23.24 
31.26 
30.92 
2L 79 
31. 23 
29.65 
24.91 
23 65 
25.76 
23.48 
22.90 
25. 13 
23. 50 
23.03 
28.39 
20.95 
22.01 
31.40 

38  67 

- 

28.73 
32. 40 
25.61 
48.49 
29.37 

26. Bo 
24.84 
34.13 
28.55 
32.91 
35.08 
2h 70 

31.23 
3i. 37 
31.52 
29.50 
39.71 
29. 50 
28.01 
29.10 
3 2  48 
30.95 
28. 98 
29.56 
32.27 
31.02 
30.63 
35.69 
31.25 
3Q 98 
30.76 
29.50 
32.92 
33.63 
28.16 
32. 53 
28. 75 
27. 17 
34. 71 
31.99 
34 33 
34 41 
29.70 
29.92 
27.37 
29. 14 
a?. 63 
33.89 
31.37 

35.31 

26.28 

28.76 

28.10 
45. 28 
28.33 
32. 04 
30.28 
28.85 
32.62 
31. 50 
34. 19 
34.65 
27. a3 
29.85 
38.38 
39.38 
31.30 
3 4  48 
36.13 
3 4  67 
29.49 
33.16 
33.39 
34.93 
29.45 
33.82 
30. 88 
34.94 
34.13 
35.33 
35.10 
34.85 
31.22 
29.79 
3 2  58 
35. 29 
30.33 

31.95 
28 97 
30.86 
32.81 

31. 44 
30. 63 
28.78 
28. 16 
29. 79 
27.39 
31. 3 
32.46 

32. io 

35. m 

32. 62 

- 

23.82 
22.59 
21.27 
40.82 
28.20 

24. ?8 
24.17 
29.19 
16.71 
25. S i  
20.02 
15. &3 
23.40 
28.82 
34. 62 
25.18 
24  07 
35.01 
30.79 
25. 23 
28.41 
29.26 
29.06 
25.45 
29.69 
31.07 
32.74 
30.52 
26.77 
26.60 
27.83 
29.01 

29.03 
31. 78 
20.60 
28.12 
29.29 
24. 06 
28.55 
29.39 
31.59 
27.02 
23.14 
20. 55 
20.77 
25.60 
26.77 
32.90 
26.79 

25.38 

23. a7 

Interpolated. 

TABLE 7.-Average annual precipitation (inches) i n  the drainage area of the Great Lakes, and average annual lake levels ueet 
above sea leoel), 1875-1994 

II ,. I ~rec ip i ta t ion  Lake levels ll II 1 Precipitation Lake levels 

I- I- -(I-- Superior, I Michi- 
Superior, 
Michi- 

gan 
Hurdn,, 

and Erie 

Superior 'I luron- 
hlichi- 

Ran 
All (5) 
lakes 

Huron- 
Micbi- 

gan 

580.53 
580.21 
580.36 

86 
580.63 
581.05 
581.06 
580.99 

,580. 15 
579. 60 
580. 07 
,W. 68 
580.24 
579. i 3  
580.3s 
581. 16 

580.91 
580.56 
580.10 
579.88 

578. W 
<Bo. LL.3 

580. so 

.SEI. 4n 

m. sa 

Superior Erie Erie Ontario 

581.48 
582.61 
582.38 
582.07 

581. 27 
581.70 
582.19 
582.37 
582.47 
582.72 
582.96 
582.32 
581.71 
581.16 
581.05 
580.49 
,580.38 
580.67 

579.74 
579.47 
580.13 
580.31 
580. 32 
580.23 

5ai.15 

5ao.n 

572.25 
573. 70 
572. fip 
573.29 
572.53 
572. ii 
572.61 
573.48 
573. n 
573.34 
573 .3  
573.34 
573.31 
672. fil 
572. 3s 
573.05 
5i2. 15 
572.14 
572.09 
672.10 
571.17 
571.30 
571.96 
579. 14 
571.93 
571.54 

29.79 
32. 99 
34.13 
30.46 
33 .B  
31. 71 
30.75 
29.58 
33. SS 
2;. 73 
33.5s 
32. 8.1 
32.14 
P. 85 
31.45 
33.98 
29.50 
30. a3 
31. 13 
29.74 
32.32 
30.58 
29.11 
30. ,W 
32.34 

245.27 

34s 93 
246.50 
'26.  21 
345. 83 
245 51 
246 57 
246. 68 
2i7. 30 
246. s3 

24i. IM 
24s. 82 
246. a? 
2 7 .  O i  
24fi. 12 
24s. 38 
24s. 93 
245 79 
244 29 
244 69 
244 90 
24.7 37 
245 20 
245.25 1 1  

2 7  i n  

24:. tin 

571.39 
571.84 
572.39 
572.54 
572.17 
572.26 
572.73 
572.69 
572.15 
571.87 
571.47 
5i2.02 
Si2.95 
572.17 
571. 68 
Si?. 29 
Si2.73 
572.25 
572.7; 
5i1.91 
572. 30 
572 00 
571.41 
571. Ks 
572. 40 

24s. M 
245.27 
245.87 
246.64 
246.21 
246.05 
246. BA 
247. 29 
246.12 
245.67 

246. 14 
247. on 
248.05 
245.10 
246.36 

246.44 
246.65 
245.40 
245.75 
245.73 
245.02 
245.43 
246.00 

245. a5 

246.40 



.-,= 

Upper -The third span of the Big Rock Bridge about a mile below Franklin Pa. floating down the Allegheny River on the ice orge This is perhaps the 
fuit time that  a whole span of a steel bridge flbated down a river on ice. Thispa;  traveled 1% miles to  a oint near Venango. ' f ,o  spans fell on the main- 
line tracks of the Pen,ns lvania Railroad five minutes after a street car laden with passengershad passe lover  the bridge. Photo March 28,1928, by  P. L. 
Mahaffey Pennsylvania &ailroad photographer 

Lower.-The) gorge near Venan o Pa about 24; miles below Franklin. The ice was moving toward the Camera and five minutes later had blocked the tracks. 
Here i! was, nearly 40 feet &hick 3 times. I t s  movcmcnt was accompanied by  terrifying sharp cracks and a &ding roar. Photo by P. L .  YahaiTey, Penn- 
sylvama Rallroad photographer 



M. W. R., March, 1926 (To face p. 107) 

Upper.-"Icebergs" a t  Franklin Pa .  heaved out upon the banks of the river when the gorge broke, some of them destrofing buildings. Photo by P. L. Mahaffey, 
Pennsylvania Railroad hot6graGher 

Lower.-Ice stranded in bacg yards in Elk Street, Franklin, Pa., soon after the gorge had gone out.  The water fell with such rapidity tha t  Eoes were left stranded 
u on the upper crust of the gorge, which had formed in  some places 2oc yards from the  normal bed of the river, as here. Photo b y  Pittsburgh Post staff 
pgot ographer 


